We propose a resonator-based multichannel DQPSK modulator with a small footprint on chip. The structure has been fabricated on SOI platform. A set of micro-heaters are used to adjust the wavelength of each modulator channel.
Introduction
Multilevel modulation formats are of particular interest because they have higher spectral efficiency and more robust to chromatic dispersion (CD), polarization mode dispersion (PMD) and other dispersive distortions as they allow for lower symbol rates at a fixed data rates. In contrast to amplitude shift keying (M-ASK), multilevel phase shift keying (M-PSK) has the advantage of not causing any penalty in receiver sensitivity as compared to a binary OOK [1, 2] . Among all PSK modulation formats, DQPSK had gained a considerable attention in optical communication [2] . Several works have demonstrated single channel high-speed resonator-based DPSK modulator or theoretically investigated the performance of resonator-based QPSK modulators on SOI platform [3, 4] . In this work, we present a compact multichannel DQPSK modulator based on an array of compact resonators. The proposed structure enables us to achieve a wideband and low-power modulator in a small footprint on chip. Figure 1 shows the schematic of our proposed n-channel DQPSK modulator. The multi-channel DQPSK modulator is implemented by integrating an array of resonator pairs to the same MZI structure, each tuned to a different spectral channel. Each modulator channel is composed of a set of two resonators on the upper and lower MZI arms, tuned to the same resonance wavelength. These resonators provide the required in-phase (I) and quadrature-phase (Q) phase modulation for the corresponding DQPSK channels. The coupling of the resonators to the MZI waveguides is adjusted to achieve over-coupling and minimize the modulator insertion loss. A wideband phase shift of π/2 is embedded in the lower arm of MZI. The proposed multi-channel, therefore, needs to be excited by an input composed of n distinct tones at different wavelengths (i.e., a frequency comb input). The signal in each channel is modulated on the corresponding carrier tone using the corresponding pair of resonators (as shown with dashed boxes in Figure 1 ). The phase modulation can be achieved by modulating the resonators resonance wavelength by integrating a PN-junction for carrier injection or by thermal tuning for low speed modulation [5] [6] . A set of microheaters are used to adjust the center wavelength of the resonators in the modulator structure [6] .
Fabrication and Characterization
The proposed structure has been fabricated on a 3 micron BOX SOI with 240nm Si. First the optical layer is defined by electron beam lithography (EBL) and etched by inductively coupled plasma (ICP) etching. The structure is then capped with 1 micron PECVD SiO2 cladding. A set of micro-heaters with 500nm width are fabricated around the resonators' periphery by another round of EBL and 200nm Ti evaporation followed by a lift-off process. The waveguide width is 450nm in both sets. Using the same process, we have fabricated two sets of 4-channel DQPSK modulators based on 3-μm radius and 6-μm radius micro-donut resonators. Figure 2 shows the micrograph of the 6-μm radius structure. The left image is the SEM of the first channel before the cladding deposition and the image on the right shows one of the resonators with integrated micro-heater on top. The fabricated structures are characterized using a wideband tunable laser. The laser signal was coupled into and out of the input and output waveguides using a set of wideband grating couplers. The blue curve in Figure 3 -left shows the output signal at zero bias. As can be seen in this figure instead of 4 dips there are 8 dips in the transmission response that correspond to 8 different resonances. This is predictable and usually blamed to fabrication inaccuracies so that the resonators in each channel are not perfectly the same. In Figure 3 -rigt the transmission signal around the second channel with the resonances tuned into their designed position is shown. The tuning was achieved by applying a dc current to the heater. The total pad-pad heater resistance was measure to 1.4K ohm. The transmission spectra of the resonators in the second modulator channel after an adjustment using thermal tuning.
We demonstrate the low-speed modulation by modulating the resonators in the system using thermal tuning. For high-speed modulation, a set of p-i-n diodes needs to be integrated on the resonators to enable fast modulation using free-carrier dispersion. The performance of the fabricated modulator is assessed by measuring the QPSK constellation for each channel and the characterization results will be presented in the conference.
